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Final Report—April 2010

During the course of this grant, significant progress was made toward our goal of using low-
electric field electron spin resonance (ESR) for coherent manipulation of electron spins in GaAs
and SiGe quantum dots. We have developed the fabrication techniques needed to produce double
quantum dots in GaAs or Si/SiGe that include both an integrated nanomagnet as well as an
integrated radio-frequency single electron transistor (RF-SET) or quantum point contact. This
required development of techniques for alignment of multiple electron-beam lithography steps
with an accuracy of a few tens of nanometers. Furthermore, each sample includes an on-chip
superconducting spiral that will be used for impedance matching of the charge detector to external
rf circuitry. A typical sample geometry is shown in Fig. 1 below.

(a) (b)

Figure 1: (a) Optical micrograph of a DQD with on-chip superconducting spiral to be used as a matching network.
(b) Electron micrograph of the DQD, showing both the nanomagnet (red) and nearby QPC charge detectors.

Several samples similar to that in Fig. 1 have been tested over the last several months. Pre-
liminary measurements indicate that the nanomagnet likely acts as a floating gate an partially
depletes the electron gas beneath it when nearby gates are energized, interfering with transport
measurements. A new gate pattern has been devised that moves the nanomagnet further from
the QPC on the left dot in the DQD, and increases the dot area somewhat so that the magnet is
farther from the surrounding gates.

In addition to development of sophisticated sample fabrication techniques, a customized mount
for application of low-electric-field ESR fields was developed and characterized. Techniques for
aligning the sample to the ESR mount were developed that allow positioning of the sample within
a few microns both vertically and laterally of the maximum in the ESR field were also developed.
A DQD sample with an integrated SET charge detector is currently being measured with the
intent of testing the performance of the ESR mount under actual operating conditions.

Our effort related to production of Si/SiGe based quantum dots have also progressed rapidly
in the last year. We have now produced several working Si/SiGe dots with low-leakage Schottky
gates that have dramatically improved our yield. As a result, we are in a position to begin
integrating SETs with our Si/SiGe dots as well. Such samples are actively being fabricated and
tested as of this writing.

Finally, in the process of testing RF-QPCs for use as charge detectors in GaAs-based dots, we
discovered that the backaction of the tunneling electrons in such a QPC can couple to a naturally-
occurring vibrational mode in GaAs samples. This electromechanical coupling leads to important
consequences for both the QPC and the mechanical resonator (the GaAs sample). Correlations
for the tunneling electrons are strongly affected by the coupling, resulting in the presence of both

1



strongly super-Poissonian and significantly sub-Poissonian shot noise. Furthermore, the classical
dynamics of the oscillator are strongly non-thermal, and in fact are completely dominate by the
backaction of the tunneling electrons. A manuscript based on these results was recently accepted
for publication in Nature.
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Figure 2: (a) Shot noise of a quantum point contact (QPC) in a resonant circuit. The noise shows sharp features
due to coupling to a resonant mechanical mode of the QPC substrate. (b) Fano factor of the QPC shot noise,
showing strong modulation of electrical noise due to electromechanical coupling to the substrate, one of the few
unambiguous experimental demonstrations of such an effect.

2


